The research is dedicated to the possibility of restoring cerebral blood supply in patients with brain vessels hypoplasia accompanied by migraine. The research involved 67 patients aged 29 -58 (average age 42) with severe migraine. The examination plan included laboratory diagnostics, assessment of dementia severity (CDR), assessment of cognitive impairment (MMSE), cerebral computed tomography (CT), cerebral magnetic resonance imaging (MRI), cerebral scintigraphy (SG), rheoencephalography (REG), cerebral multi-gated angiography (MUGA). Hypoplasia symptoms were detected in 56 (83.58%) patients. To improve cerebral blood supply, the method of transcateter laser revascularization by means of low-energy CW lasers was used. Good immediate angiographic outcome manifested in persistent improvement of the intracranial vascular bed and marked collateral vascularization was obtained in 53 (94.64%) patients. Good clinical outcomealmost complete regression of migraine and vestibular disorders-was obtained in 49 (87.50%) patients. Satisfactory clinical outcome-partial regression of migraine and vestibular disorderswas observed in 7 (12.50%) patients. The method of transcatheter laser revascularization of cerebral vessels is a physiological, effective and low-invasive treatment for patients suffering from cerebral vessels hypoplasia accompanied by migraine. This method has virtually no alternative; it stimulates natural angiogenesis causing collateral and capillary vascularization steadily improving the blood supply of the brain. The effect obtained after the treatment persists for a long time (9 years and longer), it causes regression of migraine, reduces mental disorders, and can improve the patients' quality of life.
Introduction
The number of patients suffering from migraine has recently been growing. In the United States, the total number of patients complaining of debilitating headaches and migraines is about 30 million people [1] . According to different authors, the percentage of these patients varies considerably ranging from 0.5% to 2.2% of the whole population [2] . In spite of the disease expansion, patients do not always seek treatment, and in case they do, they do not always receive adequate assistance, the correct diagnosis being made in only 10% of cases [3] .
The causes of migraine are not fully understood. However, the state of the vascular system of the brain plays an important role in the etiology and pathogenesis of the disease. Migraine is characterized, in almost 100% of cases, by hypoplasia of cerebral vessels, which is usually congenital and often hereditary in nature [4] . This lesion is characterized by a widespread, even narrowing of the lumen of intracranial arteries, the absence of atherosclerotic lesions and segmental stenosis, along with the absence of focal neurological deficit [4] [5] .
The brain is the most highly perfused organ if compared to other human organs and tissues. It receives 750 ml of blood a minute when at rest. Thus, an organ that is 2% of body weight receives almost 15% of the total minute blood volume. Besides, only the gray matter of the human brain alone consumes 20% of all oxygen consumed by the whole body [6] . The blood supply to the cerebral cortex and some parts of the gray matter is 300 -400 ml per minute per 100 grams of the matter. The blood supply to the white matter of the brain is somewhat less being only 20% -25% of the blood supply of the gray matter. Large arteries do not enter deep into the tissue, so the blood flow is carried out by small, reaching deep into the tissues arteries, the number of which is 12 -27 per cubic centimeter of the brain matter; at the same time, almost complete absence of arteriovenous shunts is normally observed [4] [6]- [8] .
Thus, the brain is the main organ to be blood supplied, and therefore its tissues are very sensitive to any decrease in the blood flow [7] . Reduction of the inner diameter of the trunk of the anterior cerebral artery below 0.9 mm and of the trunk of the middle cerebral artery below 2.4 mm [8] indicates the presence of hypoplasia of the vessels.
The treatment of migraine is fairly complicated and not always efficient. In medical practice, a variety of ways is used to treat this disease [9] - [12] . However, it should be noted that practically none of these methods is aimed at affecting the vascular system of the brain and improving its blood supply, which determines the lack of efficacy of these methods. In the current situation, there remains a need to develop new methods of complex treatment of migraine, which would allow improving the blood supply in the brain.
This research is dedicated to interventional improvement of cerebral blood circulation in patients with cerebral vessels hypoplasia accompanied by severe migraine by means of transcatheter laser revascularization.
Materials and Methods

Subject of Research
The whole research and all transcatheter interventions have been carried out with the approval of the Ethics Committee, as well as with the consent of the examined and treated patients and their relatives.
We examined 67 patients aged 29 -58 (average age 42) with severe migraine of whom 26 were male (38.81%) and 41 (61.19%) female.
The examination plan included laboratory diagnostics, assessment of the severity of dementia (CDR), assessment of cognitive impairment (MMSE), cerebral computed tomography (CT), cerebral magnetic resonance imaging (MRI), cerebral scintigraphy (SG), rheoencephalography (REG), cerebral multi-gated angiography (MUGA).
Examination of Patients
Laboratory examination was performed according to the schemes generally accepted in iterventional neuroangiology and included clinical, biochemical and coagulologic tests.
Assessment of the severity of dementia was made according to J.C. Morris's Clinical Dementia Rating scale (CDR) [13] . The first examination was conducted either during the patient's first visit or on the admission day, the second one-before the patient's discharge, and then at intervals of 6 -12 months. Assessment of cognitive impairment was conducted by means of Mini-Mental State Examination (MMSE) [14] . The first examination was conducted either during the patient's first visit or on the admission day, the second one-before the patient's discharge, and then at intervals of 6 -12 months.
CT and MRI of the brain were performed on "Somatom" (Siemens), "Hi Speed" (GE), "Tomoscan" (Philips), "Apetro Eterna" (Hitachi) following the classical method. The first examination was conducted at the patient's admission and then at intervals of 6 -12 months.
SG of the brain, with the determination of cerebral blood flow velocity, was carried out on a gamma camera (Ohio Nuclear, US) following the classical method in dynamic and static mode with TC 99M Pertechnetate 555. The first examination was conducted at the patient's admission and then at intervals of 6 -12 months.
REG was conducted using "Reospektr-8" (Neurosoft, Russia) in accordance with the standard automated method with the identification of pulse blood flow in the cerebral hemispheres. The first examination was conducted at the patient's admission, the second one-before the patient's discharge, and then at intervals of 6 -12 months.
MUGA of the brain was performed on apparatus "Advantx" (GE) following the classical method of transfemoral access. Synchronously, taking into account the start and rate of administration, 10 -12 ml of Omnipack 350 was introduced intra-carotidally and 7 -8 ml intra-vertebrally. The registration was carried out in direct and side projections in constant subtraction mode at a speed of 25 frames per second. Further, frame by frame analysis of the angiograms received in each phase contrast was conducted [15] . Capillary density contrast analysis was performed at the corresponding phase by means of an automatic method using computer program "Angio Vision" based on the determination of the degree of blackening of the corresponding part of brain tissue [16] .
Selection of Patients
Criteria for the selection of patients for this research:
1) Consent of the patient and her/his relatives to conduct the examination and treatment; 2) Severe migraine refractory to or responding poorly to conservative treatment; 3) Absence of distinct atherosclerotic lesion of intracranial branches; 4) Hypoplasia of intracranial branches (the diameter of the trunk of the anterior cerebral artery of less than 0.9 mm; the diameter of the trunk of the middle cerebral artery of less than 2.4 mm) (Figures 1(A)-(C) ).
For the transcatheter treatment, we selected 56 (83.58%) patients aged 30 -57 (average age 41), 21 male (37.50%) and 35 female (62.50%).
Analysis of Patients
• Signs of dementia equal to CDR-1 were detected in 4 (7.14%) cases; • Signs of cognitive impairment (MMSE score below 28 points) were detected in 6 (10.71%) cases;
• Decreasing distinctiveness of gray and white matter borders-51 (91.07%) cases;
• General involutive changes of the cerebral cortex accompanied by subarachnoid space extension were detected in 16 (28.57%) cases; • Indistinct surface of convexital surfaces of the hemispheres-15 (26,79%) cases; • Expansion of Sylvian fissure was found in 14 (25.00%) cases;
• Primary signs of unocclusive hydrocephalus were detected in 34 (60.71%) cases; • Slowing of linear velocity parameters of the blood flow in the cerebral hemispheres was observed in all 56 (100%) cases; • Decreased pulse volume blood flow in the carotid and vertebrobasilar systems was detected in all 56 (100%) cases; • No pronounced atherosclerotic lesion of intracranial branches was revealed in any case;
• Hemodynamically insignificant stenosis of extracranial arterial branches was detected in 9 (16.07%) cases;
• Hypoplasia of intracranial branches was detected in all 56 (100%) cases.
The Method of Transluminal Laser Revascularization of Cerebral Vessels
To conduct transcatheter laser exposure and stimulation of angiogenesis, we applied the method of transluminal laser revascularization [4] [15] [16] which allows to work on the vessels of a small diameter using low-energy laser systems. The efficacy and safety of this method is proved in earlier experimental and clinical studies [4] [17]- [21] .
The essence of the method is the following: Under local anesthesia, according to Seldinger's classical method, the common femoral artery is punctured and catheterized with an installation of an introducer with a 6 F diameter. Through this introducer and through coaxially brought guiding catheters installed in the general and further on in the internal carotid or in the vertebral artery, is brought a flexible fiber-optic instrument with a diameter of 25 -100 micrometers, coupled with the laser unit. The fiber-optic instrument is first guided to the proximal and then to the distal sites of the anterior and middle cerebral arteries, where the laser treatment is carried out. The distal end of the fiber-optic instrument is constantly washed with heparinized saline solution. To carry out X-ray control, small doses of radiopaque substance are periodically introduced. The exposure time in general takes 20 -40 minutes. The manipulation is carried out both in the right and in the left hemisphere. After the endovascular intervention the patient undergoes repeated cerebral multi-gated angiography following the procedure described above, the results of which determine the degree of revascularization and restoration of the cerebral vascular bed [15] [16] . We assume that if the cerebral blood flow has not been fully restored during the first attempt of the intervention, the manipulation can be repeated, but it was not necessary during the transcatheter interventions described.
The transcatheter treatment was followed by supportive therapy carried out by common interventional neuroangiology schemes and dosing. The patients underwent conventional desagrigant, anticoagulant, vasodilator and nootropic therapy including Aspirin, Heparin, indirect anticoagulants (depending on the blood coagulation indicators), Pentoxifylline 100 mg, Complamin 150 mg, Inosin 200 mg, Nootropil (Piracetam) 1200 mg (or Gliatilin 1000 mg) intravenously, with a drop counter, №10-15, and then they took pills. Subsequent 1 -2-months courses of pills were repeated twice a year.
Results
Immediate Results
A good immediate angiographic outcome manifested in the persistent recovery of the lumen and patency of the intracranial vascular bed and in collateral revascularization was obtained in 53 (94.64%) cases.
Results in the Early Period of 12 Months
According to SG data, improved blood flow in the cerebral hemispheres was observed in 49 (87.50%) cases, and the positive trend remained during practically the whole observation period (for 9 years and longer).
According to REG data, improved pulse-volume blood flow in the carotid and vertebrobasilar basins was found in all 55 (98.21%) cases, and the positive trend also remained during practically the whole observation period.
According to CT and MRI data: • Tendency to restore distinct boundaries between the gray and white matter of the brain was diagnosed in 48 (94.12%) of 51 cases; • General involutive changes in the cerebral cortex decreased in 15 (93.75%) of 16 cases;
• Tendency of the recovery of the covexital surface of the hemispheres was detected in 13 
Clinical Results in the Short-Term Period
Initial symptoms of dementia and cognitive impairment regressed in all patients.
• Good clinical outcome-almost complete regression of migraine and vestibular disorders, obtained in 49 (87.50%) cases.
• Satisfactory clinical outcome-incomplete regression of migraine and vestibular disorders, observed in 7 (12.50%) patients. It should be noted that the obtained positive trend persisted and progressed in the more distant period after the treatment.
Clinical Results in the Long-Term Period
In the long-term period (2 -9 years), 38 (67.87%) patients were re-examined; the positive trend was maintained in the overwhelming number of patients treated:
• Good clinical outcome was initially obtained in 49 patients, of whom 34 were re-examined (69.39%); the result was preserved in 32 (94.12%); • Satisfactory clinical outcome was initially obtained in 7 patients, of whom 4 were re-examined (57.14%); the result was preserved in 3 (75.00%).
Complications
During the laser treatment, there was no thrombosis or embolism in the distal arterial bed; as well as there was no deterioration of the patients' condition or progression of migraine.
Treatment Examples
Patient T., male, 40 years old, complaints: severe headaches resistant to conservative treatment, periodic vestibular disorders. Despite the fact that over the years the patient had been receiving medical treatment for migraine, the frequency and intensity of migraine attacks hardly decreased. The patient's condition is relatively satisfactory; there are no signs of dementia, MMSE-28 points. CT of the brain revealed heterogeneity of the structure of the white matter, a moderate expansion of the subarachnoid space, signs of Sylvian fissure expansion (Figure 2) . SG and REG showed marked enough reduction in the blood flow and pulse blood volume, both the right and in the left hemisphere.
Cerebral MUGA revealed depletion of the vascular pattern, signs of hypoplasia of cerebral vessels (Figure 3) . The patient underwent transcatheter laser revascularization of the right and left hemispheres. Postoperative cerebral MUGA demonstrated no evidence of hypoplasia of cerebral vessels and marked collateral vascularization (Figure 4) .
In the first days after the transcatheter intervention, the dynamics is positive, and headaches stopped. Repeated SG and REG showed positive dynamics of blood flow and pulse blood volume in both hemispheres of the brain. The patient was discharged in stable condition with no complaints, no signs of dementia or cognitive impairment and resumed his work connected with intellectual activity.
5 years after the transcatheter treatment, despite heavy amount of work and active intellectual activity, headaches do not disturb, there are no signs of dementia or cognitive impairment. SG and REG show that the indicators of blood flow and pulse blood volume are within the normal range. Repeated CT of the brain reveals recovery of the subarachnoid space, narrowing of Sylvian fissure, restoration of the structure of the cerebral tissue ( Figure 5) . 9 years after the transcatheter treatment, the patient still has no complaints, headaches do not disturb him, enjoys active intellectual activity, there is no cognitive impairment. SG and REG show that the indicators of blood flow and pulse blood volume are within the normal range. MRI of the brain demonstrates that the subarachnoid space is also within the normal range, there are no signs of involutive changes of the cerebral cortex (Figure 6 ). Cerebral MRA (Figure 7) does not reveal any signs of intracranial branches hypoplasia and shows preserved marked collateral vascularization.
Discussion
Migraine is caused by hypoplasia of the cerebral vessels, which reduces blood flow and long-term chronic hypoxia of the cerebral tissue [4] [5] . Due to the fact that this process is congenital, the blood supply of the brain constantly remains in the state of subcompensation, and it leads to the fact that patients become extremely sensitive to any external irritants. Consequently, any slightest impact may enhance the vascular tone, stimulate spastic effect and cause a migraine attack. Drug treatment of hypoplasia of cerebral vessels based on vasoactive drugs that act on the vascular wall is inefficient because the process is innate. It may seem plausible to use drugs that improve blood rheology, but this kind of therapy is usually inadequate [19] [20] . With cerebrovascular hypoplasia, conservative treatments fail to achieve pervasive and persistent cerebral vascularization. They only allow to improve the blood circulation to a certain degree and for a short time and thereby relieve a migraine attack. Reconstructive vascular intervention is not possible due to the fact that cerebral angiopathy is innate. As a result, the idea of using interventional therapies occurred. Considering the mechanism of low-energy laser exposure, it should be noted that it is essentially a powerful natural stimulation of physiological angiogenesis [4] [19] [20] causing anti-protective reaction, collateral and capillary vascularization of the tissues [15] [16] . Simultaneously, laser energy penetrates deeply enough into cerebral tissues and stimulates metabolic processes in neurons increasing the energy resource of the cells by acting on mitochondria, which leads to neuroprotective effects [17] . These data are supported by works of many authors who conducted experimental and clinical studies on extracranial laser action on the brain in various pathological conditions [22] - [27] .
The method of transcatheter laser revascularization of cerebral vessels is a physiological, effective and lowinvasive treatment for patients suffering from cerebral vessels hypoplasia accompanied by migraine. This method has virtually no alternative; it stimulates natural angiogenesis causing collateral and capillary vascularization and thus steadily improves the blood supply of the brain, which, in its turn, prevents migraine attacks.
The effect obtained after the treatment persists for a long time (up to 9 years or more); it causes regression of migraine, reduces mental disorders, and can improve the patients' quality of life.
